Ultrastructural characteristics of human oocytes vitrified before and after in vitro maturation by Segovia, Yolanda et al.
—Original Article—
Ultrastructural characteristics of human oocytes vitrified before and 
after in vitro maturation
Yolanda SEGOVIA1), Noemí VICTORY1), Irene PEINADO2), Laura M GARCÍA-VALVERDE3), 
Magdalena GARCÍA1), Jon AIZPURUA3, 4), Ana MONZÓ2) and María José GÓMEZ-TORRES1, 4)
1)Departamento de Biotecnología, Facultad de Ciencias, Universidad de Alicante, Alicante, Spain
2)Unidad de Reproducción Humana, Hospital La Fe, Valencia, Spain
3)IVF Spain, Medicina Reproductiva, Alicante, Spain
4)Cátedra Human Fertility, Universidad de Alicante, Alicante, Spain
Abstract. 	The	 development	 of	 an	 effective	 program	 that	 combines	 in vitro	 maturation	 (IVM)	 and	 cryopreservation	 for	
immature	oocytes	would	represent	a	novel	advance	for	in vitro	fertilization	(IVF),	especially	as	a	means	to	preserve	the	fertility	








Key words:	 Cryopreservation,	Electron	microscopy,	In vitro	maturation





















































This	 is	 an	open-access	 article	distributed	under	 the	 terms	of	 the	Creative	
Commons	Attribution	Non-Commercial	No	Derivatives	(by-nc-nd)	License.	
(CC-BY-NC-ND	4.0:	https://creativecommons.org/licenses/by-nc-nd/4.0/)


























































































































































Fig. 1.	 General	 distribution	 of	 cytoplasmic	 organelles	 during	 human	
oocyte	 maturation.	 Diagram	 of	 PI	 oocytes	 (a)	 Diagram	 of	
metaphase-II	oocytes,	(b)	Micrographs	of	PI,	(c)	and	metaphase-
II	 (d)	 shown	 by	 LM.	 GV	=	germinal	 vesicle,	 ZP	=	zona	
pellucida;	PVS	=	perivitelline	space,	PB1	=	1st	polar	body;	M	=	
mitochondria;	G	=	Golgi	apparatus;	CG	=	cortical	granules;	RER	
=	rough	 endoplasmic	 reticulum;	 SER	=	smooth	 endoplasmic	
reticulum.	 Note	 the	 metaphase	 II	 oocyte	 with	 chromosomes	
at	 the	 equator	 (arrow),	 cortical	 granules	 disposed	 beneath	 the	
oolemma,	 mitochondria	 uniformly	 distributed	 throughout	 the	





group	 2	 (c,	 d).	Continuous	 zona	 pellucida	 (ZP)	 and	 perivitelline	











































































(group	 2)	 (b,	 d,	 f,	 h).	 a)	Golgi	 apparatus.	 b)	 Some	SER	 small	


















































 1. Shu Y, Gebhardt J, Watt J, Lyon J, Dasig D, Behr B.	Fertilization,	embryo	develop-
ment,	and	clinical	outcome	of	immature	oocytes	from	stimulated	intracytoplasmic	sperm	
injection	cycles.	Fertil Steril	2007;	87:	1022–1027.	[Medline]  [CrossRef]
 2. Escrich L, Grau N, Mercader A, Rubio C, Pellicer A, Escribá MJ.	Spontaneous	 in	
vitro	 maturation	 and	 artificial	 activation	 of	 human	 germinal	 vesicle	 oocytes	 recovered	
from	stimulated	cycles.	J Assist Reprod Genet	2011;	28:	111–117.	[Medline]  [CrossRef]
 3. Fasano G, Moffa F, Dechène J, Englert Y, Demeestere I.	Vitrification	of	in	vitro	matured	
oocytes	 collected	 from	 antral	 follicles	 at	 the	 time	 of	 ovarian	 tissue	 cryopreservation.	
Reprod Biol Endocrinol	2011;	9:	150–154.	[Medline]  [CrossRef]
 4. Tan SL, Child TJ.	In-vitro	maturation	of	oocytes	from	unstimulated	polycystic	ovaries.	
Reprod Biomed Online	2002;	4(Suppl	1):	18–23.	[Medline]  [CrossRef]





 5. Barton SE, Missmer SA, Berry KF, Ginsburg ES.	 Female	 cancer	 survivors	 are	 low	
responders	and	have	 reduced	 success	compared	with	other	patients	undergoing	assisted	
reproductive	technologies.	Fertil Steril	2012;	97:	381–386.	[Medline]  [CrossRef]
 6. Gulekli B, Kovali M, Aydiner F, Dogan S, Dogan SS.	IVM	is	an	alternative	for	patients	
with	PCO	after	failed	conventional	IVF	attempt.	J Assist Reprod Genet	2011;	28:	495–499.	
[Medline]  [CrossRef]
 7. Fadini R, Mignini Renzini M, Dal Canto M, Epis A, Crippa M, Caliari I, Brigante C, 
Coticchio G.	Oocyte	in	vitro	maturation	in	normo-ovulatory	women.	Fertil Steril	2013;	
99:	1162–1169.	[Medline]  [CrossRef]
 8. Coticchio G, Dal Canto M, Fadini R, Mignini Renzini M, Guglielmo MC, Miglietta 
S, Palmerini MG, Macchiarelli G, Nottola SA.	Ultrastructure	of	human	oocytes	after	in	
vitro	maturation.	Mol Hum Reprod	2016;	22:	110–118.	[Medline]  [CrossRef]
 9. Hosseini SM, Nasr-Esfahani MH.	What	 does	 the	 cryopreserved	 oocyte	 look	 like?	A	
fresh	look	at	the	characteristic	oocyte	features	following	cryopreservation.	Reprod Biomed 
Online	2016;	32:	377–387.	[Medline]  [CrossRef]
 10. Khalili MA, Maione M, Palmerini MG, Bianchi S, Macchiarelli G, Nottola SA.	Ul-
trastructure	of	human	mature	oocytes	after	vitrification.	Eur J Histochem	2012;	56:	e38.	
[Medline]  [CrossRef]
 11. Nottola SA, Albani E, Coticchio G, Palmerini MG, Lorenzo C, Scaravelli G, Borini 
A, Levi-Setti PE, Macchiarelli G.	Freeze/thaw	stress	induces	organelle	remodeling	and	
membrane	recycling	in	cryopreserved	human	mature	oocytes.	J Assist Reprod Genet	2016;	
33:	1559–1570.	[Medline]  [CrossRef]
 12. Palmerini MG, Antinori M, Maione M, Cerusico F, Versaci C, Nottola SA, Macchi-
arelli G, Khalili MA, Antinori S.	Ultrastructure	of	immature	and	mature	human	oocytes	
after	cryotop	vitrification.	J Reprod Dev	2014;	60:	411–420.	[Medline]  [CrossRef]
 13. Nottola SA, Camboni A, Van Langendonckt A, Demylle D, Macchiarelli G, Dolmans 
MM, Martinez-Madrid B, Correr S, Donnez J.	Cryopreservation	and	xenotransplan-
tation	 of	 human	 ovarian	 tissue:	 an	 ultrastructural	 study.	Fertil Steril	 2008;	 90:	 23–32.	
[Medline]  [CrossRef]
 14. Coticchio G, Borini A, Distratis V, Maione M, Scaravelli G, Bianchi V, Macchiarelli 
G, Nottola SA.	 Qualitative	 and	morphometric	 analysis	 of	 the	 ultrastructure	 of	 human	
oocytes	cryopreserved	by	two	alternative	slow	cooling	protocols.	J Assist Reprod Genet 
2010;	27:	131–140.	[Medline]  [CrossRef]
 15. Lin Y-H, Hwang J-L.	 In	vitro	maturation	of	human	oocytes.	Taiwan J Obstet Gynecol 
2006;	45:	95–99.	[Medline]  [CrossRef]
 16. Liu S, Li Y, Feng HL, Yan JH, Li M, Ma SY, Chen ZJ.	Dynamic	modulation	of	cyto-
skeleton	during	in	vitro	maturation	in	human	oocytes.	Am J Obstet Gynecol	2010;	203:	
151.e1–151.e7.	[Medline]  [CrossRef]
 17. Motta PM, Nottola SA, Familiari G, Makabe S, Stallone T, Macchiarelli G.	Morpho-
dynamics	of	the	follicular-luteal	complex	during	early	ovarian	development	and	reproduc-
tive	life.	Int Rev Cytol	2003;	223:	177–288.	[Medline]  [CrossRef]
 18. Bianchi S, Macchiarelli G, Micara G, Linari A, Boninsegna C, Aragona C, Rossi 
G, Cecconi S, Nottola SA.	 Ultrastructural	 markers	 of	 quality	 are	 impaired	 in	 human	
metaphase	II	aged	oocytes:	a	comparison	between	reproductive	and	in	vitro	aging.	J Assist 
Reprod Genet	2015;	32:	1343–1358.	[Medline]  [CrossRef]
 19. Miao Y-L, Kikuchi K, Sun Q-Y, Schatten H.	 Oocyte	 aging:	 cellular	 and	 molecular	
changes,	developmental	potential	and	reversal	possibility.	Hum Reprod Update	2009;	15:	
573–585.	[Medline]  [CrossRef]
 20. Nottola SA, Macchiarelli G.	Structural	bases	of	 the	ovarian	 function:	 an	 introduction.	
Microsc Res Tech	2006;	69:	384–385.	[Medline]  [CrossRef]
 21. Bianchi V, Macchiarelli G, Borini A, Lappi M, Cecconi S, Miglietta S, Familiari G, 
Nottola SA.	 Fine	morphological	 assessment	 of	 quality	 of	 human	mature	 oocytes	 after	
slow	freezing	or	vitrification	with	a	closed	device:	a	comparative	analysis.	Reprod Biol 
Endocrinol	2014;	12:	110.	[Medline]  [CrossRef]
 22. Wang CT, Liang L, Witz C, Williams D, Griffith J, Skorupski J, Haddad G, Gill 
J, Wang W.	Optimized	protocol	for	cryopreservation	of	human	eggs	improves	develop-
mental	 competence	 and	 implantation	of	 resulting	 embryos.	J Ovarian Res	 2013;	6:	 15.	
[Medline]  [CrossRef]
 23. Nottola SA, Macchiarelli G, Coticchio G, Bianchi S, Cecconi S, De Santis L, 
Scaravelli G, Flamigni C, Borini A.	Ultrastructure	of	human	mature	oocytes	after	slow	
cooling	cryopreservation	using	different	 sucrose	concentrations.	Hum Reprod	2007;	22:	
1123–1133.	[Medline]  [CrossRef]
 24. Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, Pietzsch T, Pre-
ibisch S, Rueden C, Saalfeld S, Schmid B, Tinevez JY, White DJ, Hartenstein V, 
Eliceiri K, Tomancak P, Cardona A.	Fiji:	an	open-source	platform	for	biological-image	
analysis.	Nat Methods	2012;	9:	676–682.	[Medline]  [CrossRef]
 25. Khalili MA, A Nottola S, Shahedi A, Macchiarelli G.	Contribution	of	human	oocyte	
architecture	 to	 success	of	 in	vitro	maturation	 technology.	 Iran J Reprod Med	2013;	11:	
1–10.	[Medline]
 26. Shahedi A, Hosseini A, Khalili MA, Norouzian M, Salehi M, Piriaei A, Nottola SA. 
The	 effect	 of	 vitrification	 on	 ultrastructure	 of	 human	 in	 vitro	matured	 germinal	 vesicle	
oocytes.	Eur J Obstet Gynecol Reprod Biol	2013;	167:	69–75.	[Medline]  [CrossRef]
 27. Donnez J, Silber S, Andersen CY, Demeestere I, Piver P, Meirow D, Pellicer A, 
Dolmans MM.	Children	born	after	autotransplantation	of	cryopreserved	ovarian	tissue.	a	
review	of	13	live	births.	Ann Med	2011;	43:	437–450.	[Medline]  [CrossRef]
 28. Urquiza MF, Carretero I, Cano Carabajal PR, Pasqualini RA, Felici MM, Pasqualini 
RS, Quintans CJ.	Successful	live	birth	from	oocytes	after	more	than	14	years	of	cryo-
preservation.	J Assist Reprod Genet	2014;	31:	1553–1555.	[Medline]  [CrossRef]
 29. Yang YJ, Zhang YJ, Li Y.	Ultrastructure	of	human	oocytes	of	different	maturity	stages	
and	the	alteration	during	in	vitro	maturation.	Fertil Steril	2009;	92:	396.e1–396.e6.	[Med-
line]  [CrossRef]
 30. Versieren K, Heindryckx B, OLeary T, De Croo I, Van den Abbeel E, Gerris J, 
De Sutter P.	 Slow	 controlled-rate	 freezing	 of	 human	 in	 vitro	matured	 oocytes:	 effects	
on	 maturation	 rate	 and	 kinetics	 and	 parthenogenetic	 activation.	Fertil Steril	 2011;	 96:	
624–628.	[Medline]  [CrossRef]
 31. Fasano G, Demeestere I, Englert Y.	In-vitro	maturation	of	human	oocytes:	before	or	after	
vitrification?	J Assist Reprod Genet	2012;	29:	507–512.	[Medline]  [CrossRef]
 32. Nottola SA, Coticchio G, Sciajno R, Gambardella A, Maione M, Scaravelli G, Bianchi 
S, Macchiarelli G, Borini A.	Ultrastructural	markers	of	quality	in	human	mature	oocytes	
vitrified	using	cryoleaf	and	cryoloop.	Reprod Biomed Online	2009;	19(Suppl	3):	17–27.	
[Medline]  [CrossRef]
 33. Mao L, Lou H, Lou Y, Wang N, Jin F.	Behaviour	of	cytoplasmic	organelles	and	cyto-
skeleton	during	oocyte	maturation.	Reprod Biomed Online	2014;	28:	284–299.	[Medline] 
[CrossRef]
 34. Shahedi A, Khalili MA, Soleimani M, Morshedizad S.	Ultrastructure	of	in	vitro	matured	
human	oocytes.	Iran Red Crescent Med J	2013;	15:	e7379.	[Medline]  [CrossRef]
 35. Motta PM, Nottola SA, Makabe S, Heyn R.	 Mitochondrial	 morphology	 in	 human	
fetal	and	adult	female	germ	cells.	Hum Reprod	2000;	15(Suppl	2):	129–147.	[Medline] 
[CrossRef]
 36. Van Blerkom J.	Mitochondria	in	human	oogenesis	and	preimplantation	embryogenesis:	
engines	 of	 metabolism,	 ionic	 regulation	 and	 developmental	 competence.	Reproduction 
2004;	128:	269–280.	[Medline]  [CrossRef]
 37. El Shafie M, Sousa M, Kruger TF.	An	Atlas	of	the	Ultrastructure	of	Human	Oocytes.	
New	York,	USA,	2000.
 38. Swain JE, Pool TB.	ART	failure:	oocyte	contributions	to	unsuccessful	fertilization.	Hum 
Reprod Update	2008;	14:	431–446.	[Medline]  [CrossRef]
